The aim of the present paper is to analyze the friction and mass flow in a rough microchannel using Lattice Boltzmann Method (LBM). The LBM is a kinetic method based on the particle distribution function, so it can be fruitfully used to study the flow dependence on Knudsen number including slip velocity, pressure drop in rough microchannel. The surface roughness elements are taken to be considered as a series of circular shaped riblets throughout the channel with relative roughness height up to a maximum 10% of the channel height. The friction coefficients in terms of Poiseuille number (Pn), mass flow rate and the flow behaviors have been discussed in order to study the effect of surface roughness in the slip flow regime at Knudsen number (Kn), ranging from 0.01 to 0.10. It is seen that the friction factor and the flow behaviors in a rough microchannel strongly depend on the rarefaction effect and the relative roughness height. The friction factor in a rough microchannel is higher than that in smooth channel but the mass flow rate is lower than that of smooth channel. Moreover, it is seen that the friction factor increased with relative roughness height but decreased with increasing the Kundsen number (Kn) whereas the mass flow rate is decreased with increasing both of surface roughness height and Knudsen number.
Introduction
The surface roughness effect on flow resistance, heat-mass transfer in micro flows has great attention by many researchers due to the rapid advancement of micro electro mechanical system (MEMS), i.e. micromachining technology. The friction effect on surface roughness cannot be ignored, especially for gas flow in micro channels [1] . However, for flows on the macroscale, the surface roughness effect on the flow fiction is negligible for laminar flows with relative roughness less than 5%
[2]. Actually, in microchannels, the main effects are rarefaction effects, essentially quantified by the Knudsen number Kn.
According to the Rarefied Gas Dynamics (RGD), Knudsen number is defined as Kn=λ/L, where λ is the gas mean free path and L is the characteristic length of the flow system. It is Moreover, LBM provides a new effective way to study rarefied gas flow systems nowadays. The rarefaction effect is considered to be the most important factor that leads to different flow behaviors of rarefied gas dynamics in micro or nanoscale flows.
Recently, some other authors 
Formulation of the Problem

Mathematical Analysis
In the study of micro-flow system, it is very effective to apply the Lattice Boltzmann method instead of conventional CFD methods. To ensure this model satisfies the N-S equations for fluid, the Lattice-Boltzmann equation (LBE) with Bhatnagar-Gross-Krook collision operator can be written as
The function ) , ( t x F i r is the particle distribution function and eq i F is the discrete equilibrium distribution function with lattice velocity vectors i e r [6] . The total number of discrete velocities on each node in D2Q9 model is 9 as shown in Table 1 . Table 1 
Numerical Analysis and Boundary Conditions
Consider a two dimensional microchannel with designed roughness and boundary conditions are shown in Figure 1 .
The surface roughness is modeled by a series of circular riblets both on the top and bottom walls boundary throughout the channel at a distance H=100μm from each other and the len- 
Where g is the specific heat ratio, Ma is the Mach number and
Re is the Reynolds number. Because of its micro-scale and high
Knudsen number (Kn) flow corresponding to the slip flow regime, a special treatment should be considered for the relaxation time (t). In previous lattice-BGK models, the relaxation time t was chosen to be a constant during the computational procedure. This is applicable only for nearlyincompressible fluids. In micro-flows, the local density variation is still relatively small, but the total density changes, for instance the density difference between the inlet and outlet of a very long channel could be quite large. In order to account for this density variation and its effect on the kinematic viscosity ν, Nie et al.
[17] proposed a new relaxation time t' in place of t in Equation (1) in the following way:
Actually, the interaction between the gas molecules and the wall boundary are integrated into a single parameter, namely the tangential momentum accommodation coefficient (TMAC), σ.
For D2Q9 lattice model, the particle distribution functions (F i ) on the wall, using the combined bounce rule, are introduced It is observed that the vortices are generated and driven by the relative roughness height as well as strongly influenced by the Knudsen number. With increasing the roughness height, the size and shape of vortices also increased and finally filled the The effect of surface roughness height on the mass flow rate is illustrated in Figure 7 (a)-(c) . It is seen from Figure 7 
Conclusions
